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Dd cription 

The present invention relates to a fine pattern 
replicating lithograpliy technology for the production 
of semiconductor Integrated circuits, more specif leal- s 
ly, to a mask for exposing wafers which enables rep- 
licating smaller distortion patterns with the use of soft 
X-ray as the exposure light source, and to an expos- 
ing method using the maslc. 

The X-ray lithography is very promising as pro- io 
duction technology of ultra-large scale integrated cir- 
cuits represented by 64 and 256 megabit dynamic 
random access memories (DRAM), since the X-ray li- 
thography has resolving power of a sub-half micron or 
less. Nevertheless, this lithography system can only is 
produce X-ray masks having accuracy of about ±0.2 
\m (3a) at present, since as shown in Figure 4. the 
method uses projection of X-ray 45 at a scale of 1:1 
through an X-ray exposure window 46 and then an X- 
ray mask composed of a X-ray absorber pattern 40, 20 
a membrane 41 and a support frame 42 on a resist 
film 44 above an Si wafer 43, and thus a problem aris- 
es in the pattern positioning accuracy of the X-ray 
mask, as discussed in SPIE Vol, 632, p. 118-132. 
(1986). Similar masks in which each exposure win- 25 
dow wich is surrounded by a support structure has 
the size of an integrated circuit chip are disclosed in 
EP-A-69 265. On the other hand, production of sen>- 
loonductor integrated circuits having a pattern size of 
0.1 - 0.3 ^m effective for the high resolving power of 30 
X-ray lithography requires a mask accuracy of ±0.03 
- 0.07 ^im. As a new trial to solve this problem, studies 
on a reduction type X-ray exposure system are under 
way by which mask patterns are reduced and replicat- 
ed by using a lens and mirror. In this case, the X-ray 35 
mask accuracy can be relieved by an amount corre- 
sponding to the reductton rate. Even in this case, how- 
ever, since the exposure field of X-ray mask must be 
increased in accordance with the reduction rate and 
the rate of pattern positioning accuracy to the expos- 40 
ure field does not change, the difficulty in producing 
X-ray masks has not been reduced remarkably. 

As described above, consideration has been tak- 
en conventionally only to the aspect of materials and 
processes such as Improvements in mechanical 45 
characteristics of thin film materials constituting X- 
ray masks and the reduction of residual stress which 
mainly causes the distortion, as to methods of improv- 
ing the pattern positioning accuracy for the X-ray 
mask production. 

It is an object of the present invention to provide 
a mask for exposing a wafer with radiation, which 
mask is capable of improving the mask pattern posi- 
tioning accuracy. 

It is another object of the present invention to pro- 55 
vide an exposing method using the mask. 

Th s objects ar solved by the mask of daim 1 
and the method of claim 5. 



To achieve the above object according to the 
present invention, a radiation exposure mask is pro- 
vided with at least two radiation exposure windows 
having mask patterns of a small pattern area ob- 
tained by dividing the pattern area constituting an In- 
tegrated circuit chip into a plurality of the areas. 

Further, a radiation exposure is carried out while 
the radiation exposure mask is intenmittently moved 
with a distance of the size of the small pattern area 
along the semiconductor wafer. 

Since the radiation exposing mask according to 
the present invention is provided with an exposure 
window having a small size aperture, the distortion of 
membrane Is reduced and the mask pattern position- 
ing accuracy can be improved greatly. In addition, re- 
sidual stress of the mask pattern material is scarcely 
exerted, and the mask can thus be manufactured 
more readily. 

Figures 1A and IB and F^ures 3A and 3B are 

schematicdiagrams of an X-ray mask embodying 

the present invention; 

Figure 2 is a schematic diagram showing an ex- 
posing method embodying the present invention; 
Figure 4 is an explanatory diagram of the princi- 
ple of X-ray lithography; 

Figure 5 is a characteristic diagram showing the 
relationship between an aperture of exposure 
window and a pattern positioning accuracy of X- 
ray mask; 

Figure 6 is a diagram illustrating basic arrange- 
ment of an example of the reduction exposure 
method; 

Figure 7 is a model diagram showing the subsidi- 
ary pattern for alignment at the boundary of the 
exposure window; and 

Figure 8 is a schematic diagram of the arrange- 
ment of the exposure apparatus. 
Firstly, the principle of the present invention will 
be explained. The distortion of an X-ray mask is main- 
ly caused by the expansion and contraction of the 
membrane of X-ray transparent film holding the X-ray 
mask which is effected by residual stress of the X-ray 
absori)ing thin film constituting the X-ray mask pat- 
tern. When the mechanical stiffness and residual 
stress of the membrane and the X-ray absorbing ma- 
terial are constant, the distortion rate of membrane is 
increased substantially in proportion to the aperture 
of X-ray exposure window, as shown by curve 50 in 
Figure 5. Consequently, the aperture of X-ray expos- 
ure window is required to be made so small as to 10 
mm square or less to make the positional accuracy of 
X-ray exposure window to ±0.1 ^im or less. Incidental- 
ly, the size of chips for semiconductors typified by 
DRAM tends to increase year by year, and a 256 m g- 
abit DRAM is expected to have the size of at I ast 
about 25 mm x 15 mm. Therefore, it is very difficult 
to realize an X-ray mask having a pin-point accuracy 
by which ultra-large seal integrated circuits can be 
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produced in the future. 

By the way, LSI are produced in such a manner 
that LSI chips of the same pattern are repeatedly ar- 
ranged at the same pitch on an Si wafer having a large 
diameter. 

The present Invention is achieved by taking the 
abovennientloned conditions into consideration. More 
specifically, as shown In Figures 1Aand 18. the pres- 
ent invention is characterized in that a plurality of ex- 
posure windows A, B, C, and D each having a small 
aperture are provided with patterns conresponding to 
the respective small pattern obtained by dividing the 
pattern area of the unit LS1 11 into a plurality of equal 
areas, and are arranged in one X-ray mask 10 at in- 
tervals fBstricted by an alignment rule of LSrs pat- 
terns on an Si wafer. In this case, as expected from 
Figure 5, the respective small aperture exposure win- 
dows A to D can sufficiently improve the pattern pos- 
itioning accuracy therein. 

Figure 2 schematically shows a method of pro- 
ducing an LSI chip 21 on an Si wafer 20 using this X- 
ray mask, wherein A. B, C, and D designate types of 
the small aperture exposure on a single mask, and 
numerals Al, A2 ... etc. show a sequence to expose 
X-ray, respectively. More specifically, after patterns 
have been replicated through the exposure windows 
A1, B1, CI, and D1 in a first X-ray exposure, the Si 
wafer 20 is moved stepwise and then the patterns of 
the exposure windows A2, B2, C2, and D2 are repli- 
cated. Thereafter, the stepwise movement and ex- 
posure are repeated sequentially, and in the example 
shown in Figure 2, the pattern replication to the LSI 
chip 21 is completed by the aggregation of the small 
pattern areas of the exposure windows A6, B2, C5, 
and D1. 

As described above, since the respective expos- 
ure windows A to D can be made small in accordance 
with the divided number of the LSI chip 21 in the X- 
ray mask according to the present Invention, the 
above-mentioned pattern positioning accuracy of 
mask can be greatly Improved. 

In addition, since relative position between the 
respective small aperture exposure windows Is kept 
in a high accuracy by a mechanically rigid support 
frame, a large area can be exposed with a higher ac- 
curacy than that of conventional methods. 

The present invention will be described in detail 
hereunder with reference to Examples. 

[Example 1] 

Figures 1 A and 1B show the arrangement of ex- 
posure windows of an X-ray mask 10 according to the 
pres nt invention, wh rein Figure 1A is a plan view 
and Figur 1 B is a cross sectional view along the line 
a - a' of Figure 1 A. An X-ray absorbing pattern 1 was 
prepar d by making mask patterns of Au having thick- 
ness of 1.0 ^m by an electroplating method using as 



a mask a stencil 2 for electroplating comprising a trl- 
level resist layer formed by an electron beam writing 
method and a dry-etching process. The above stencil 
for electroplating was mainly compos d of polyimide 

5 resins. Amembrane film 3 having a thickness of about 
4 ^m was composed of a boron-nitride film prepared 
by a low pressure chemical vapor deposition (CVD). 
A support frame 4 was composed of SI wafer having 
a thickness of 2 mm, and exposure windows A, B, C, 

10 and D were formed by etching and removing the Si 
wafer on the back thereof by a KOH solution using an 
Au film 5 as a mask. 

A chip 11 for a 16 megabit DRAM treated here 
had a size of about 17 mm x 11 mm and thus the ex- 

15 posure windows A- D had a size of 8.5 mm x 5.5 nun. 
The boron-nitride membrane 3 had Young' modulus 
of about 2 X 1011 N/n^a^ and the electroplated Au film 
had residual stress of 3 x 10^ Wwi^. As the result of 
measurement of the mask positioning accuracy of 

20 each exposure window in the above conditions, the 
accuracy was obtained in the range of ±0.02 - 0.03 ^m 
(3a), and the relative positional accuracy between the 
respective exposure windows was ±0.05 ^m. The ra- 
tio of Au pattern 1 to the area ofexposure window was 

25 about 72%. 

An X-ray mask having an aperture of 17 mm x 11 
mm prepared by the same material conditions and 
method had a pattern positioning accuracy of ±0.16 
- 0.21 ^m (3a), and thus the mask accuracy can be 

30 improved to 1/4 to 1/5 by the execution of the present 
invention. 

[Example 2] 

35 A prototype of an X-ray mask enlarged to 5 ti mes 
was prepared for the same DRAM, supposing a re- 
duction projection exposure method having a reduc- 
tion rate of 1/5 be used. The characteristics of the re- 
spective material and arrangement of the X-ray mask 

40 were the same as those of Example 1 . Figure 3A is a 
diagram of an arrangement of exposure windows of 
the prototype of the X-ray mask 30. Figure 3B shows 
a method of dividing the area of an LSI chip 31 . where- 
in alphabetic characters show portions con-espond- 

45 ing to the alphabetic characters showing the expos- 
ure windows of the mask in Figure 3A. The mask 30 
having exposure windows A - Y was suitably moved 
by step and repeat mode to expose patterns com- 
posed of A - Y on the LSI chip 31. Since the area of 

50 the LSI chip 31 was divided to 25 portions, each of the 
exposure windows A- Y had a size of 1 7 mm x 1 1 mm. 
A positioning accuracy of the mask pattern in each of 
the exposure window A- Y was ± 0.1 5 - 0.20 nm (3a), 
and thus it was substantially the same as that of th 

55 conv ntional method in Example 1, whereas a rela- 
tiv positioning accuracy betwe n the respective ex- 
posure windows A- Y was ±0.1 ^m and inferior to that 
of Example 1. It was found that this inferiority was 
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caused by an increase in tlie lengthwise position de- 
tection enror of ±0.02 (3a) during the electron 
beam drawing and by an error of ±0.08 \im (3a) due 
to the deformation of a support frame. It was found 
that since these errors were reduced to 1/5 by the re- s 
duction projection exposure method, the substantial 
positioning accuracy of mask pattern on the pattern 
replicated surface of Si wafer was improved as com- 
pared with an equal magnification projection expos- 
ure method of Example 1 . to 

The above reduction projection exposure was 
carried out using a Schwarzschild reflective optics 
shown in Figure 6, and a masic pattern was replicated 
to the radiation sensitive resist on a Si wafer while the 
mask and the Si wafer were being scanned at a speed is 
ratio of 5 : 1. In this case, radiation 61 passing through 
a portion of a mask 62 was focused on an Si wafer 65 
through reflection mirrors 63 and 64. The niask 62 
and the SI wafer 65 were owved in a horizontal direc- 
tion at a speed ratio conresponding to a reduction ratio 20 
by a wafer stage 87 or the like to replicate the pattern 
of the overall area of an LSI on the mask 62, wherein 
a portion of the pattern on the mask 62 was focused 
onto the Si wafer 65. 

25 

[Example 3] 

A 256 megabit dynamic random access memory 
(DRAM) having the minimum line width of 0.1 ^m was 
prepared using the mask described In Example 1. In 30 
this case, no problem arose when a discontinuous 
hole pattern such as. for example, a vla-hole coupling 
the first layer wiring with the second layer wiring, was 
replicated. When, however, a continuous pattern 
such as a wiring pattern extend Ing over the above ex- 35 
posure windows was replicated, radiation was ex- 
posed twice to the replicating pattern at the boundary 
of an exposure field, and thus the size of the replicat- 
ed pattern was changed or the wiring pattern be- 
tween the exposure windows was dislocated about 40 
0.06 fun due to the error determined by the mask pat- 
tern positioning accuracy (±0,02 - 0.03 ^im) described 
in Example 1 or by a mask alignment accuracy. Then, 
as shown in Figure 7, subsidiary patterns I and II for 
alignment were provided with a pattern boundary 73 45 
in the exposure window of at least one of wiring pat- 
terns 71 and 72 extending over exposure windows A 
and B. As the result, the wiring patterns 71 and 72 at 
the boundary 73 were prevented from being discon- 
nected by mis-alignment, whereby LSI could be pro- so 
duced with high yield. 

[Example 4] 

Figure 8 is a schematic diagram of an exposure 55 
apparatus used when patterns are replicat d using 
the mask according to the present inv ntion. 

A mask stage 83 was provided with an aperture 



84 so that radiation was irradiated only to the expos- 
ure window of a mask 85. The patterns were replicat- 
ed by the following method. 

First, a mark 88 on a mask 85 and an alignment 
mark 89 on a wafer 86 were det cted using a light 
beam 82 for alignment mark detection, and the mask 

85 was aligned with the wafer 86 by slightly moving 
a wafer stage 87. Thereafter, exposed radiation 81 to 
replicate mask patterns onto the Si wafer 86. Then in 
the present invention, the wafer stage 87 was moved 
stepwise by the size of the exposure windows divided 
to a plural number or an integral multiple of the divided 
size, and then alignment and exposure were repeated 
step by step to replicate LSI patterns over the entire 
surface of the Si wafer 86, although the wafer stage 
87 was conventionally moved stepwise by the chip 
size of an LSI to be fonned or by an integral multiple 
of the size in the X or Y direction on the surface of the 
Si wafer 86. Therefore, the conditions required for the 
exposure apparatus specific to the execution of the 
present invention was to move the Si wafer stage 87 
stepwise by a fraction of an integer of the LSI chip 
size. 

Although the stepwise moving function is provid- 
ed with the wafer stage 87 in the exposure apparatus 
of this embodiment, It will be readily conceived that 
the wafer stage 87 may be nrraved by an integral mul- 
tiple of the LSI chip size similarly to a conventional 
one, and the mask stage 83 may be provided with a 
function by which it is moved by a fraction of an inte- 
ger of the LSI chip size. 

Although specific examples of the present inven- 
tion are described with reference to Examples 1 to 4, 
the membrane film may be composed of a Si-N type, 
dianrwnd. SIC or Be and the X-ray absorbing pattern 
may be composed of W, Pt, Ta, Rh, Si, Ag, Mo, Al and 
an alloy thereof in addition to the above, as materials 
of the radiation mask. Further, although the 
Schwarzschild type was used as a example of the re- 
duction projection optics, a Wolter type reflective op- 
tics or a transparency reduction optics using a zone- 
plate may be used in addition to it Further, although 
soft X-ray was used as the exposure light source, an 
electron beam, an Ion-beam or usual light may be ef- 
fectively used for the present invention. 

Further, although the exposure windows of the 
mask are provided with different pattern regions hav- 
ing a size of a fraction of an integer of the LSI chip size 
in the above examples, the provision of at least two 
exposure windows having the same pattern area will 
have an effect equal to or greater than that of the 
above examples. In addition, it will be readily realized 
that a plurality of th s exposure windows ne d not 
hav thesam size and that, for example, the expos- 
ure window A of Figure 1 may b further divided, for 
example, to four portions and distributed. In this case, 
it will be of course consid rable that the fine regions 
of the LSI pattern Is divided to mor exposure win- 
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dows to iriCTease a positioning accuracy tliereof. 

According to the present invention, the distortion 
of the membrane composed of a thin film is reduced 
and a pattern positi ning accuracy of the X-ray masic 
can be improved by almost one figure as compared 
with thatof a conventional method. In addition, since 
the effect of the residual stress of the mask pattern 
which is a main cause of the distortion of the mask be- 
comes difficult to be exerted, the X-ray mask can be 
produced more readily than a conventional method. 



Claims 

1. Amaskfor exposing a wafer to radiation, compris- 
ing 

a thin film (3) through which radia- 
tion can pass; 

a mask pattern (1. 2) provided on 
said thin film, absorbing said radiation, and com- 
prising small pattern areas (A to Y) which are dis- 
posed at prescribed intervals, and 

a support frame (4, 5) supporting 
said thin film, and having a radiation exposure 
window (A to Y) for each of said small pattern 
areas, 

characterised in that said small pattern 
areas (A to Y) form a partition of a circuit pattern 
(11, 31) constituting one integrated circuit chip 
(21) to be realised on said wafer. 

2. A mask according to daim 1 , wherein plural radi- 
ation exposure windows (A to Y) are spaced apart 
from one another by an integral multiple of the 
size of said small pattern area (A to Y). 

3. A mask according to claim 1 or 2, wherein a pat- 
tern area (I, II) wider than the width of a line (71 , 
72) of said mask pattern, which line extends over 
a plurality of said radiation exposure windows, is 
provided at the boundary (73) of said exposure 
windows (A to Y) of said mask pattern. 

4. A mask according to claim 1 , 2 or 3, wherein said 
radiation is X-ray radiation. 

5. A radiation exposure method comprising the 
steps of 

disposing a radiation exposing mask (10, 
62) on a resist coated wafer (20. 65. 86), said ra- 
diation exposure mask having a mask pattern (1 , 
2) capable of absorbing radiation wherein small 
pattern areas (A to Y) forming a partition of a cir- 
cuit pattern (11, 31) constituting one integrated 
circuit chip (21), to be transfered on said wafer 
are disposed at pr scribed Intervals, and a sup- 
port frame (4, 5) supporting said mask pattern 
and having radiation xposure windows which 



correspond each to one of said small pattern 
areas; 

irradiating said resist by said radiation 
through said mask; and 
5 Intermittently and relatively moving sakl 

mask and said wafer a prescribed distance in sur- 
face direction. 

6. A radiation exposure method according to claim 
10 5, wherein patterns are replicated onto said wafer 

by reducing and projecting said mask pattern (1 , 
2). 

7. A radiation exposure method according to claim 
15 5 or 6, wherein said radiation is X-ray radiation. 



Patentanspruche 

20 1 . Maske, um einen Wafer Strahlung auszusetzen, 
beinhaltend: 

einen fur Strahlung durchlSssigen Dunn- 
film (3), 

ein auf dem Dunnfilm vorgesehenes und 
25 die genannte Strahlung absorisierendes Masken- 
muster (1 , 2), das kleine Musterf iSchen (A bis Y) 
aufweist, die mit vorbestimmten Abstanden an- 
geordnet sind, und 

einen Stutzrahmen (4, 5), der den Dunn- 
30 film tragt und fur jede der kteinen Musterflachen 
ein Bestrahlungsfenster (A bis Y) aufweist, 

dadurch gekennzeichnet, da(l die kleinen 
Musterflachen (A bis Y) eine Teilung eines 
Schaltkreismusters (11 . 31) bilden, das einen auf 
35 dem Wafer auszubildenden integrierten Schal- 
tungschip (21) darstellt 

2. Maske nach Anspruch 1 , wobei mehrere Bestrah- 
lungsfenster (A bis Y) einen Abstand voneinander 

40 aufweisen, der ein ganzzahliges Vielfaches der 
Gr^fie einer kleinen Musterfldche (A bis Y) dar- 
stellt. 

3. Maske nach Anspruch 1 oder 2, wobei ein Mu- 
45 sterbereich (1. II), der breiter als die Breite einer 

Linie (71, 72) des Maskenmusters, die sich uber 
eine Vielzahl von Bestrahlungsfenstern er- 
streckt, an der Grenze (73) der Bestrahlungsfen- 
ster (A bis Y) des Maskenmusters vorgesehen ist. 

50 

4. Maske nach Anspruch 1, 2 oder 3, wobei die 
Strahlung Rontgenstrahlung Ist 

5. B strahlungsverfahren mit folg nden Schritten: 
55 Anordnen einer Bestrahlungsmaske (10, 

62) auf einem mit Ph tolack beschichteten Wafer 
(20, 65, 86), w b 1 die B strahlungsmaske in 
zur Absorption von Strahlung geeign tes Mas- 
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kenmuster(1. 2) unter Anordnung kleiner Muster- 
flachen (A bis Y) mit vorbeslimmten Abstanden 
und einen Stutzrahmen (4, 5) zur Stutzung des 
Maskenmusters und mit Bestralilungsfenstern, 
die Jewells inem der klelnen MusterflSchen ent- s 
sprechen, aufwelst, wobei die klelnen Musterfl3- 
chen (A bis Y) eine Teilung eines Schaitungsmu- 
sters (11 , 31) bilden, das einen auf den Wafer zu 
Obertragenden integrierten Schaltungschip (2) 
darstellt, 

Bestrahlen des Phololacks mit Strahlung 
durch die genannte Maske. und 

Bewegen der Maske und des Wafers rela- 
tivzueinanderdiskontinuierlich uber einen vorbe- 
stimmten Abstand in Oberflachenrichtung. is 

6. Verfahren nach Anspruch 5, wobei Muster auf 
dem Wafer wiedeiigegeben werden. Indem das 
Maskenmuster (1, 2) projiziert und verkleinert 
wird. 20 

7. Verfahren nach Anspruch 5 Oder 6, wobei die 
Strahlung R6ntgenstrahlung darstellL 

25 

Revendlcations 

1. Masque pour I'exposition d'une tranche k un 
rayonnement, comprenant 

une pellicule nnince (3) que peut traverser 30 
un rayonnement; 

une configuration de masque (1,2) dispo- 
sSe sur ladite pellicule mince, absorbant ledit 
rayonnement et comprenant de petites zones de 
configuration (A ^ Y) qu i sont dispos§es ^ des in- 35 
tervalles prescrits, et 

un cadre de support (4,5) supportant ladite 
pellicule mince et poss6dant une fendtre d'expo- 
sltion au rayonnement (A^ Y) pour chacune des- 
dites petites zones de configuration, 40 

caract^rls^ en ce que lesdites petites zo- 
nes de configuration (A ^ Y) r6alisent une parti- 
tion d'une configuration de circuit (11,31) consti- 
tuant une microplaquette d circuits int6gr6s (21) 
devant 6tre form6e sur ladite tranche. 45 



(73) desdites fenfitres d'exposition (Ad Y) de la- 
dite configuration de masque. 

4. Masque selon la revendication 1 , 2 ou 3, dans le- 
quel ledit rayonnement est un rayonn ment X. 

5. Proc6d6 d'exposition au rayonnement compre- 
nant les stapes consistent k 

disposer un masque d'exposition au 
rayonnement (10,62) sur une tranche (20,65,86) 
recouverte d'une r6s(ne photosensible, ledit mas- 
que d'exposition au rayonnement poss6dant une 
configuration de masque (1 ,2) apte d absorber un 
rayonnement, de petites zones de configuration 
(A ^1 Y) r^allsant une partition d'une configuration 
de circuit (11, 31) constituant une microplaquette 
k circuits int6gr§s (21) devant 6tre transf6i6e sur 
ladite tranche, 6tant disposSes d des intervenes 
prescrits, et un cadre de support (4,5) supportant 
ladite configuration de n^asque et poss^dant des 
fenStres d'exposition au rayonnement qui corres- 
pondent chacune d I'une desdites petites zones 
de configuration; 

irradier ladite r6sine photosensible avec 
ledit rayonnement k travers ledit masque; et 

d6placer d'une mani6re intermittente et re- 
lative ledit masque et ladite tranche sur une dis- 
tance prescrite dans une direction en surface. 

6. Proc6d6 d'exposition au rayonnement selon la 
revendication 5, dans lequel des configurations 
sont reproduces sur ladite tranche par reduction 
et projection de ladite configuration de masque 
(1.2). 

7, Proc6d6 d'exposition au rayonnement selon la 
revendication 5 ou 6, dans lequel ledit rayonne- 
ment est un rayonnement X. 



2. Masque selon la revendication 1 , dans lequel une 
pluralit6 de fendtres d'exposition au rayonne- 
ment (A d Y) sont espac6es les unes des autres 
d'un multiple entler de la taille de ladite petite so 
zone de configuration (A k Y). 



3. Masque selon la revendication 1 ou 2, dans le- 
quel une zon de configurati n (I, II) d'un lar- 
geur sup6rieure k la iargeur d'un trait (71,72) de 55 
ladite configuration d masque, trait qui s'6t nd 
sur une pluralit6 d fenStres d' xposition au 
rayonnement, est pr6vue au niveau d la limile 
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